Objective To validate the verbal autopsy tool for stillbirths of the World Health Organization (WHO) by using hospital diagnosis of the underlying cause of stillbirth (the gold standard) and to compare the fraction of stillbirths attributed to various specific causes through hospital assessment versus verbal autopsy.
Introduction
Over 3 million stillbirths occur in the world every year. 1 Whereas the main direct causes of neonatal death have been identified as preterm birth, severe infections and asphyxia, 2 data on the causes of stillbirth are grossly insufficient. The available data, which is largely hospital-based, suggests that in developing countries prolonged and obstructed labour, pre-eclampsia and infections account for the majority of stillbirths, 3 yet such data may be unreliable because in countries in development most deliveries take place at home. 4 Furthermore, hospitals are poorly equipped to assign causes of stillbirth appropriately and civil registration systems with medical certification of causes of death are not well established.
Several countries rely on verbal autopsies to generate information on causes of death. However, verbal autopsy questionnaires, field operations and the definitions used to classify the deaths vary widely in different places. 5 To fulfil the need for a standard international classification system for assigning cause of death by verbal autopsy, 3 the World Health Organization (WHO) developed a tool containing a set of standards for neonatal deaths and stillbirths. 6 However, the tool requires validation in countries having different patterns of mortality. 7 Whereas several verbal autopsy validation studies have been performed for infant and early childhood deaths, [8] [9] [10] only two validation studies for stillbirth have been reported so far. 11, 12 Both were retrospective hospital-based studies, one of which had a long recall period and the other combined stillbirths with early neonatal deaths.
Moreover, differences in the prevalence of underlying causes of death make it important to conduct verbal autopsy validation studies in different epidemiological settings. 13 Hence, this study was conducted to assess the validity of the WHO verbal autopsy tool for ascertaining major causes of stillbirth and to compare the fraction of stillbirths attributed to specific causes on the basis of hospital assessment versus verbal autopsy.
Methods
This prospective study was carried out during [2006] [2007] [2008] an open narrative of the history of the entire pregnancy until delivery of the stillborn.
This was followed by specific close-ended questions to explore maternal history during the pregnancy, labour and delivery (section 5), the condition of the baby when delivered (section 6) and the stillborn's appearance (section 7). Photographs of macerated and fresh stillborn babies and of neonates having low birth weight and major congenital malformations were shown to the families while questions relating to the stillborn's condition were being asked. A professional photographer took the photographs in the local hospital with family consent. A few photographs of rarer major congenital anomalies and macerated stillbirths were downloaded from the Internet. The entire set of photographs was pretested on health workers and on women in in the postnatal ward who had recently given birth. Project medical officers were trained to retrieve the clinical information from the clinical case files, and supervisors were taught to check data collection forms for completeness and accuracy. A senior supervisor randomly checked members of the project team to ensure that the project was proceeding as planned and to resolve any problems on site. The senior supervisor also gave the principal investigator a list of the verbal autopsies conducted every week from which to draw a sample for the supervisory visits in the homes. Data managers were trained on how to maintain the data set, generate periodic reports and keep data backups. A team of clinicians was trained to record the causes of stillbirths on the international death certificate and to codify them in accordance with the International statistical classification of diseases and related health problems, 10th revision (ICD-10). 16 All team members received instruction on ways to ensure confidentiality.
Training of the study team

Definitions of stillbirth
In the hospital, a baby was classified as stillborn if no fetal heart sounds could be heard during labour by a trained obstetrician using a stethoscope (with confirmation by Doppler Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.076828
Page 6 of 22 ultrasound whenever this was available, which was in most cases) and the neonatologist perceived no signs of life in the neonate upon physical examination at delivery. For a baby to be considered stillborn by verbal autopsy, the family had to report that the baby had been "born dead" and had never been observed to cry, move or breathe even slightly.
Enrollment of stillbirths in the hospital
Trained medical officers visited the hospital on all working days and recorded the stillbirths that had occurred over the previous 24 hours. Stillbirths that took place on Sundays or holidays were registered on the following working day. The medical officer who recorded the identification details for each stillborn took down the family's complete address and its telephone number, if available, and prepared a guide map to locate the house. The medical officers retrieved the clinical information in the clinical case files and discussed it wih the appropriate attending physician within 48 hours of the occurrence of each stillbirth to fill any potential gaps in the clinical history and laboratory data. They then gave the complete information to the clinical investigator. All stillbirths that occurred in the hospital during the study period were screened for compliance with inclusion a criteria and eligible stillbirths were enrolled in the study. As explained earlier, however, only 225 cases were eventually considered in the final analysis.
Verbal autopsy interviews
From 4 to 6 weeks after each stillbirth, two trained female field workers visited the household of the deceased to conduct a verbal autopsy interview. If a telephone number was available, an advance appointment was made with an appropriate respondent (e.g.
the mother or, in her absence, an adult respondent who had been with her at the time of the stillbirth). If the respondent was not available on the first visit, at least one repeat visit was made until the respondent was found. The field workers obtained written informed consent in the local language in every household they visited before conducting each interview, also in local language. To obtain consent, they read the contents of the consent information sheet out loud to each respondent, who was given the opportunity to ask the questions. During the interview, photographs of babies with major congenital malformations and of babies who were stillborn and appeared macerated or who had various grades of prematurity or low birth weight were used to help respondents' recall. were administered in sequence.
Quality assurance
The study was approved by the hospital's ethics committee and WHO's Ethics Review
Committee. Respondents' information was kept confidential. Quality was assured through weekly review meetings and supervisory field visits. Investigators drew a weekly random sample of 10% of the stillbirths. Field visits were also conducted during two of the review meetings by a staff member of WHO, the funding organization, to determine if procedures were being properly followed in the hospital and in the field.
Supervisors visited the sampled houses to verify whether the field workers had come by and interviewed an appropriate respondent. The households of 12 stillborns were revisited. The families had been pre-informed by field workers during the verbal autopsy visits that a supervisor would perhaps be calling on them. Supervisors called the sampled families whose telephone numbers were available to obtain their verbal consent for the supervisory interview, and they again sought the families' consent upon reaching the households. After confirming that a field worker had already visited and conducted an interview, the supervisors filled out a form with information about the stillborn and explained to the families that the information was being collected again to verify the correctness of the facts taken down by the field worker. The forms filled out by the supervisors and the field workers were subsequently compared.
We calculated kappa values to assess agreement between field workers and supervisors on five key questions aimed at: (i) distinguishing a stillbirth from a neonatal death; (ii) determining the presence of underlying chronic maternal illness and high blood pressure; (iii) differentiating spontaneous labour from induced labour and (iv) distinguishing spontaneous delivery from instrumental or Caesarean delivery. Any discordant results were discussed with the entire team at weekly meetings to ensure continuous quality improvement in recording and collecting the data.
Cause of death assignment
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The clinical investigator (VJ) discussed all the available clinical and laboratory information on each stillbirth with the team of attending obstetricians and filled the international death certificate, where an underlying cause of death had to be indicated.
The hospital diagnosis was based on standard obstetric guidelines and reflected the best judgment of the clinical investigator and the attending obstetricians. Thus, it was used as the "gold standard" for validating WHO's verbal autopsy tool for stillbirth.
Verbal autopsy forms were reviewed by a second panel of two independent obstetricians whose experience was similar to that of the obstetricians working in the study hospital. These independent experts were blinded to the clinical information and to Death Classification according to Etiology (NICE). 6 The obstetricians who read the verbal autopsies filled a death certificate similar to the one used by the clinical investigator. In cases of disagreement between the two obstetricians, a third expert was asked to review the forms. If this third expert's diagnosis agreed with that of either obstetrician, that diagnosis was taken as the final one. If the third expert did not agree with either obstetrician, the cause of death was classified as undetermined.
Statistical analysis
The fraction of stillbirths attributed to specific underlying causes was calculated for both The calculations were repeated after these most common underlying causes of stillbirths resulting from verbal autopsy were re-categorized to allow for multiple causes of death. If any of these five causes of stillbirth were registered as a direct, antecedent or underlying cause in the verbal autopsy death certificate, by either reviewer, it was considered a cause of death and its frequency after hospital and verbal autopsy assessment was compared. The area under the receiver operator characteristic (ROC) curve, which shows the trade-off between sensitivity and specificity, was calculated for both classification methods. For the performance of the verbal autopsy tool to be considered adequate, the area under the ROC curve had to be at least 0.75 and the tool's sensitivity and specificity had to be above 60% and 85%, respectively.
16,17
Results
A total of 570 stillbirths occurred in the hospital during the study period. Of these 
Antepartum and intrapartum stillbirths and neonatal deaths
During verbal autopsy, the families of 18 stillborns reported that the babies had been born alive. Almost half of these stillborns had lethal congenital anomalies or fetal conditions.
Based on the clinical information available and on the results of verbal autopsy, the clinical investigator and the panel of obstetricians respectively classified all deaths as being either antepartum or intrapartum, regardless of the cause. In the hospital, 150 
Cause-specific mortality
The fraction of stillbirths attributed to the five leading underlying causes as determined by hospital assessment versus verbal autopsy are presented in Table 1 . Clinical diagnosis yielded a somewhat higher proportion of stillbirths due to underlying maternal disease, pregnancy-induced hypertension and specific fetal conditions than did verbal autopsy. On the other hand, the proportion of stillbirths with unexplained preterm birth, asphyxia unexplained by the mother's condition and other unexplained problems was somewhat higher for verbal autopsy. In total, verbal autopsy resulted in 18.2% unexplained stillbirths, compared with 12.4% for hospital diagnosis. Babies who were small for gestational age comprised a good fraction of unexplained stillbirths in the case of hospital-based as well as verbal autopsy diagnosis. Preterm births comprised 4% of the unexplained stillbirths diagnosed through verbal autopsy and 0% of those diagnosed in the hospital.
Diagnostic accuracy
The five leading causes explained 80% of the stillbirths, and each cause accounted for at least 8% of them. Hence, these five leading causes were used to calculate the diagnostic accuracy of WHO's verbal autopsy tool for stillbirth against that of hospital assessment. Table 2 shows the sensitivity, specificity, positive predictive value, negative predictive value and area under the ROC curve for the verbal autopsy tool when used to diagnose a single underlying cause of stillbirth among the five leading causes identified.
The overall diagnostic accuracy of the tool was 64% for these top five underlying causes of stillbirth combined. However, its diagnostic accuracy for any single cause was very high (78%-95%).
When the scope of verbal autopsy diagnosis was expanded from a single underlying cause to multiple causes (i.e. when the diagnosis was listed as either an underlying cause, a direct cause, an antecedent cause or a contributory cause by any of Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.076828
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Potential contributory factors:
According to clinical records, 39.8% of the mothers included in the analysis had a blood haemoglobin of < 10 g/dl. During verbal autopsy, 29.3% of the mothers who were interviewed for verbal autopsy reported having been told by a health worker during an antenatal care visit that they had "less blood than normal" or anaemia.
Discussion
This is, to our knowledge, the first prospective study for the validation of the WHO verbal autopsy tool for stillbirth. Of two previous validation studies conducted on other verbal autopsy instruments, one was hospital-based and retrospective and had a lengthy recall period, 11 and the other combined stillbirths with early neonatal deaths. an overall diagnostic accuracy of 64%, suggests that the distribution of causes of death as determined by verbal autopsy can be confidently used to plan public health interventions.
Third, the diagnostic accuracy of the verbal autopsy tool for each of the five major causes of stillbirths was very high. The fraction of stillbirths attributed to a specific cause can heavily influence the size of the error for given levels of sensitivity and specificity, and if such a fraction is small (< 10%), specificity becomes more important than sensitivity in terms of the accuracy of the diagnosis made with the verbal autopsy instrument. 17 Currently, most studies of stillbirth based on verbal autopsy assign a single underlying cause of death. However, some experts 6 have suggested that this may not be appropriate and that multiple causes of death should be considered. When we took multiple causes into account, the sensitivity of verbal autopsy in identifying common Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.10.076828
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In this study, as has been reported elsewhere, 12 differenting stillbirths from neonatal deaths occurring in the first few minutes of life caused considerable difficulty.
Furthermore, while the hospital obstetricians classified about one-third of the stillbirths as having occurred intrapartum, the verbal autopsy panel classified half of them as such.
This possible overreporting of intrapartum stillbirths by verbal autopsy should be taken into account when producing estimates of intrapartum stillbirths based on verbal autopsy results. 18 There were some noteworthy differences in the cause-specific mortality fractions resulting from verbal autopsy and clinical diagnosis. Verbal autopsy yielded a lower proportion of stillbirths assigned to more specific causes (e.g. underlying maternal illness, pregnancy-induced hypertension or specific fetal conditions) than did verbal autopsy. On the other hand, verbal autopsy tended to result in a somewhat higher prevalence of nonspecific conditions, such as unexplained prematurity or asphyxia. The reason may be that more or better information was available in the hospital than was provided through recall during verbal autopsy. Nonetheless, it is remarkable that clinical assessment and verbal autopsy resulted in similar cause-specific mortality fractions for most causes of stillbirth.
This study has several strengths. First, the hospital-based causes of death were ascertained by highly-experienced obstetricians who used all available clinical and laboratory information. The diagnosis was made within 2 days of when the stillbirths occurred, when the events surrounding them were still fresh in the minds of the attending team. For consistency, the same clinical investigator ascertained the hospital-based diagnosis for all stillbirths. Second, the verbal autopsy was conducted within 2 months of the event by well-trained field workers who used the standard WHO tool. Third, the The study has some limitations as well. First, all the stillbirths enrolled in the study occurred in a tertiary hospital. As a result, some may argue that the results obtained may not be applicable to the general population because of potential differences in the distribution of causes between the general population and the validation sample, or because of possible differences in recall between the groups being compared. Also, interaction with health-care providers may have influenced recall later, during verbal autopsy. However, a community-based validation study cannot be conducted because of the lack of an acceptable "gold standard" against which to validate the verbal autopsy tool. Furthermore, in a community-based verbal autopsy study of stillbirths in Himachal Pradesh, India, 63% of the mothers had consulted a health-care provider at least once before the stillbirth, and 35% had already contacted a physician at first consultation. 19 Thus, a community-based study would be susceptible to recall bias just as much as a hospital-based study. Second, we used only one method of assigning cause of death by verbal autopsy, namely a review by a panel of obstetricians. Several methods have been reported in the literature, including physician review, pre-defined computer algorithms and probabilistic models. 6, 18, 20, 21 However, the most commonly used method for interpreting verbal autopsy results is review by a panel of physicians. Third, we used clinical assessments supported by tests, including ultrasonography, instead of the final autopsy-based diagnosis to assign the hospital-based cause of death, as our objective was to assess the validity of verbal autopsy against hospital-based diagnosis.
Conducting verbal autopsy 4 to 6 weeks after the stillbirths may have introduced recall bias. However, a mourning period of at least one month should be allowed before the interviews for ethical reasons. Obviously the later the verbal autopsy is conducted, the more recall can be impaired. However, after 4 to 6 weeks there is probably less recall based on communication with hospital staff but sufficient recall of the symptoms and signs that preceded the stillbirth. In this study a panel of obstetricians assigned the causes of death after verbal autopsy using standard definitions as guidelines and a hierarchical classification. Some favour using general physicians for this purpose, as specialists may have their own preferences with respect to the specific clinical conditions. 12 However, we chose obstetricians for our validation study to ensure similarity in the training and experience of those who assigned the causes of death in the hospital and after verbal autopsy in an effort to prevent reviewer bias in classifying the causes of death. We used the commonly used method of use of third reviewer to settle the disagreement among the two reviewers by agreement of two out of three. The first two reviewers agreed on the underlying cause of death in 59% cases. We did not attempt to achieve consensus by discussion to avoid the reviewer with seniority within the organization unduly influencing the decision. Further, most differences between reviewers were related to what they chose to be the single underlying cause of death. On considering multiple causes of deaths, the differences were minimal. Classification of small for date babies could be a problem as it may not be the actual cause of death. Problem gets compounded in areas with high low birth weight rates. We therefore classified the cause of stillbirth in this case as unexplained small for date. However, it may be noted that difference in the cause specific mortality fractions between hospital and verbal autopsy is not marked.
In conclusion, high magnitude of stillbirths in many countries warrant use of innovative approaches to generate information for decision-making to improve care. 22 In our area there is evidence of high stillbirth rate of around 30/1000 births. 14, 15 This study shows that verbal autopsy can produce reasonably good estimates of the proportionate causes of death compared with medically certified causes. Thus verbal autopsy methods and tools as used in the study can be used in settings with similar stillbirth rates. As these validation results are based on stillbirths enrolled in a hospital, care must be taken to carefully monitor the quality of verbal autopsy data from stillbirths that occur at home. 16 Diseases or conditions that occur early in the chronology of events are placed higher in the order. b The area under the ROC curve captures the relationship between the sensitivity and specificity of a diagnostic tool or method and is therefore indicative of diagnostic performance with respect to a given condition. Because it is a probability, it takes on values between 0 and 1. A larger value generally indicates better diagnostic performance. c Number of positives correctly diagnosed through verbal autopsy divided by number of positives diagnosed in hospital (gold standard).
d Number of negatives correctly diagnosed trough verbal autopsy divided by number of negatives diagnosed in hospital (gold standard).
e The main underlying chronic maternal illnesses were, in descending order of frequency, chronic hypertension, epilepsy, renal disease, liver disease and diabetes mellitus. f ([True positives + true negatives] ÷ 225) × 100.
